<19)H*BHWWt (JP) 



(12) 



PTO 2002-2716 

S.T.I. C. Translations Branch 
^ It" & $S ( A ) (101MWW8IMW 

#fi¥7-201720 



(43)&B8B ¥^7^(1995)8 ^4 8 


(5 U Int. LI. 




r 1 
















IrU or f /ZU 


5 0 4 










5 2 1 












HO 1 L 


21/ 30 5 4 1 


V 










FD (4 9 1) 


(2Dffle#^ 


»HT5 -353279 


(71)fflBA 


000004237 














(22)aJHB 


5^(1993) 12/! 28B 




J«tfB&K£HTS7f 










BBtt ft* 










JWOW8K2£5TB7i 


















(74)ftSA 


#8!± tttt *ff 





(54) ca^sao nmmmmftxm 



(57) [£$] 

[flt£] atKtWtf-f y r-Ai £fS£L Uf'/riO 
5) . Ai £<N>fc-f*««Ri jWa«tfcff-*U:«MI 

OHW^^-yafKdjkSrtMif-ri (Xf'/ri 0 
6. 107) . KrTt^^-y^Sv-xrSrfMLT^ 

^utEtiL (xf-'xriog) , ai a«3tft$«*» 
ttfti i snut-r* Ur-yTl 1 0~1 lll.^f 

•yTi 0 5-i i loaaatfaB&mft. hoses ft 

6. 



**MO-MWI«>llltMUMII 7 o - y » - t- 

101 



102 



104 



103 




I y « 'J etitt 



V 1 " 



05/06/2002, EAST version: 1.03.0002 



1 

www ycommwmkt 
k. 

£tHrf4SI2«)ffie?ak. 

mmmnm y b &&n i . gsw LfessattiM? 

RWJg^ SC <k 9 9 & k fifc k £ ttlfflB 

m<r>^-y^mmhmm%^t . 

K»3 *>tt*^Sfci Oft® LfcW- yfcKfcKtt* 
*»2*)Kfl#l8k. 

fTEK^aiL^SfcJ: 9R*aj3fufc><*-:'»Kfcllir 

K»3ott»^KK:j: mmxn^tit^-yms. 
%min<o&w-yfr^%v&^%t : m<m%.m 
ffi i*rm# tcmiE» 3 a# » 4 cotm&it m 2 a 

i [ 2 ] ME* 1 *>IEtt#gH4 . ft&ft*£ttrt 

law & ; t srwat-r&iiisfl 1 Bttowia^iMt 

f (r) = k{exp(-^-) + 7 7 | 



2) #11^7-2 0 1 7 20 

2 

[0001 ] 
[0002] 

io (cfcv^r. <mtttmmmi.izmfiiztit.il' i; xb 
i/yxhj i5i imm^mtmmx^ & t*w k a 

[0003] C tfO HM^" fficSL <h f^MSSL <b * 4 . *9-ytf 

20 [0004] ZZX\ mbrt9-y<7)«&*?i&.WV>-y . 

X&^-ftS 4 3fi^JIWijE«J8jto£*K:$r & . ft* 
Ji. «W«/^-v««tir>fijfr'^-vi:<0Bail*» 

[0 005] L*»L, jS^FW^SPNWI^WIIIK^* 

t. ft*. ajBaftW-^kifiRW-yk 
30 OgEfctCfljtT, fflWS^HSMEf ( r ) frtt^T'SS 

■rka < fr;bft.l>. 
[0006] 
[»1J 

rexp(-§:)} (1) 



x*;i/^F- b fttrttaBT* t J: ft #Sx^;pJf- fc <D 
[0007] iOfrtWiai 0 iZT^-fi. o t. KJKIHSL 
y bl *■ f 4-3fl 2 /3 b comB$l® 3 £ k "5 . 

»fi k . JbEfc Plate L"C . COSSattffsK'f > h 2 
£4Ml»fcfS-ia2/8b<oa«£f+l/c ^-f SMU 4 
rlt^^k LX k 0 . 



[0008]d«0J:3ttT, ft3WiifiBS»*£ MET 

s^ft^wsm^^jgf ( r ) s«sjstHMf-r y h 

k^^^v^-ySr^-T. 
[ 0 0 0 9 ] t fc . ^cOiffg^mfflE^ak LT , 

^ - y * wmmzftm l . z<^mm^mzmm^b 

36*iRSLfci^jST»*> , )k-r6^ri£<i»^'r^ft 
M¥4-34 64 1 5-f&f8) . 



05/06/2002, EAST Version: 1.03.0002 



3 

[00 10] 

[WMmmtxott^m] La^t. nio^ 
wmn^mmmmnmzit ^t>tih%z. its 

[00 11] ftfc. /^ti7? • yvYK - 77*.X 
•^t'J (DRAM) & fcWNS*TA>f XCOSmm-ft 
tfSSHCjt^ 2 5 6MbDRAMT'(i0. 2 5//m«0 

[0012] 1-^^*>. SJDillEMWgB&fsyH Lfc 

ggftgffi jEotttn^fcwa t * siesta - ym$>< 
%hfrhx*hh. set. ^mf^ x<r)TSfm-{tiz# 

s. c £*> , w«?>mi yy/77-( <o£ jgassaiE 

[0013] £ft<9<0|S]B£SISW-$fctf>, 15iaLfc& 

[0014] l*»u ioa!**ffi-ct> . ajDjsmra 

»C*Sfc=Sr4xu^yh»tf5«*&tfc^-r<0-C. ft 

■c«tnr «36«iRjR-f 6 * -cataaqi 9 £ s *u> ft 
[0015] ^wm&i-^zmfrZcztiKttwx'. 

tm L fcSWfco \, iXVtm £ * * 'J fcg £ 4 £ i: C J 

o , ■m^mn&m^^xmm^cDmmit^m 

-ft&Z&mi Z b £ 1 Wfc -T6 . 
[00 16] 

a. a*ajL*aMu f t»3&ifS4<oit»#si:ss2 



(3) #^7-2 0 1 720 

4 

[ o o 1 7 ] ic-c. jjEwsi mn^mt. mm? 
^^f-v^com^zmfeLtztmfrnx-i wz* 

10 [ 0 0 1 8 ] tt: . W^KUffiiBISftflMM > h * 

sn&itiPH^*. mfrftL^mzmfe^mzxm 

[0019] fg2O£tt#Slim3«0ft**SfcJ: Oft 
<^HC^at= J: OttJf LTftibftfc^-y&afcS-? 

[00 20] 

Wffl] *^Tii. Mms^isu y/77 -f oigsas 
30 fflmk^itwfflnswsst s-eft.-efiwies i mm 

^mz «t 0ld1iL"Ci># , 3ijKlt*^ y h SSSiLfc 

hht #tfusst»aj L^at <t *)mi ntm^&coii 
[ o o 2 1 ] ffiot. »»Lfc!»aitJt«wrt«^5'- 

[0022] 

n i ii*ftmz%hwmtt®mft%m<7)-mmm<?)m 

@2t*t*DOytjL-^^Kft (CAD) CiO 
50 Do 



05/06/2002, EAST Version: 1.03.0002 



(4) 



ftffi?l-2Q 17 20 



[0023] at. m^WJ y^57 * fctsttS''**- 

ff3 (^f7712) . -?• LT. traR#£fi&Cfctf>fc 
^?-y<7)fi&9£|$£L (*Ty71 3) . n?-v 

T-?z ; mi<zftmh.(ZT vT\ 4 ) . jgt:. Me 
i5). m^t-A ( e b ) aatiifflo-f-^t lt4 

fSL+h (^77*16). *HSS«tt±iEOjfi«S»ft<0 10 
COO 24] ;;t ifiif^m SrHGE* * fcWCJi^i 1 

mmwzmrs*m.&z®.%.L. ®mr-? (e 

BRftWHr--*) fc&HWSi&Ba***. 
SSK^Wi, M^ffi* { 2 0kVc7)«f(i|13 (A) 
afcaniWEtfS 0 k V^(i@3 ( B ) liZTjkZtlh. 

^asia^t i ssax^;^-t fwtjsisff iatc 20 

[ 0 0 2 5 ] 03 (A) frkhfr&X. o lc. MHJI# 
2 0k Vtf3*&tt . %£ffifca.<3tt/9 b A* 2 . 0/xmT'ife 

[00 26] CUlfcttL. 03(B) (=Srf«taC, JD 
3«^#5 0kVoMrfia*E<Z)ir*fcfcL 

a = I o /do 

£U J = 1 , 2 , . . . . I1B#£T12 j = 1 ) *RS£ 
*4 (01^X77*10 5) . -?-LT. COSMEfWtt 
^>hAj *4M>fc^4 2 0bH#*)««Rj£i:-> 
fctt. J*M*/fcff* LfcfWfiRo i: t v^4«WJ^)* 
Hfefcowcx * 'J 36»4>Bt*fti L/^igRoOHSfc fflJ*S 
Rj^St*^f'JS-ri. (Bl^XrvT-l 06) . 40 
[003 1] 06 CSrf J: 5 c. H$R 0 i:ffl«Rj#tt 
4-5rv^4ffl«2 l*qWr*-4«Ki» Z<7)&%<9ffim 

i (Rjk) o^-yw«dji,s^t | j4»<,ijr*ajt 

(01 WAT-vyi 07) . 

[00 3 2] 06<7)^«RjW^*>^liRoi:a : 5: 
■orv^Vv&T* tl 5«OjWS , t k ^rf1S«2 2 (Rj " ) C 
ooTfi. Z<7)m®22 (Rj ' ) t^i^&SaSTS . 
LtA^-y2 0 l~2 0 4<OJ^ga><^?--yffi : gd 
j' (01OXf 771 OS) . ftfit^-y 

®$.-?'y7'ittf&.lX*^ , Jt,Ztim-h Ur-yri 0*50 



[0027] <X(c, ±E^t«^<5 , -y*a'fl»»fe< 

«K«5rtf-®-r 4 i a t Lfc**atwt-3 ^T0 1 a 
tA'047i)SE7tftm : sf(:ijiBj-ri lo v^. 04 

t*<EHSiifc^^->'2 0 1-2 1 3£SSft-f£i§ 
•&rMCtoT»§. CCT. 03(B) t^Lfc 
•tot. fttirSEtfS 0 k VtfOt ^ tii. I^ISWAIt 

tel. znztfrt,. warn* <t ync»**aarf 

C0(i5iSlt*^ y hW^-ytrWt LT**5ffl2l 
O 2 /3 b Wiftty *9 - y S:#*-f<Uf &v ^ t C*r 
*. 

[0028] zzx\ s-f04t^L^^-yiea^ 
e ^Wior«er+*fc»*^-> 208 (cauKtm 

siMJ'hAoSRjgU 05t5^<iO3M»tJWf 
-f y h Ao £ 4"l>i ?l 2 /9 b B3*<0«l*Ro 
4T*J»TWV-^ 2 0 5~2 0 9£«H W:n* 
K. ifc-f y hAoi& t g(«in : F«5MEl ofcfiBe ( 1 ) * 
tS^WCtHW^ (0lco^f xri 0 1). 
[00 29] i<Offli*RoW^-y2 0 5~2 
0 9c7)JltitfU|gRo SrS-T2]I^<OJSS^#B3LTM 
JSRoW^-ySUSdoSrH^-TI. (01<^Xf-'y7 - l 
0 2) . ig^T. S«Ro£«^2IIj£<OSfIfcfB«Ro 
l*l»A7-y 2 0 5-20 9CO# 2H*<7)ffiSfc ffiS*- 
^t'Ji-ISIf-ri. (Il«7,f77103) . fWr. X 

f v r i o i xim i tzm^wsm ut.^ri 
o 2-ttfgi£>"^-y®gdo t frt><xmz x *) . m 

!> (I1^T771 0 4 ) . 
[0030] 

(2) 

*9) . Xf-/ 7°1 OeCfcV^TS^oTV-*!)^ 
*^L^r^i:«^L^{c{i. Xt-x7*1 0 l<m% 

[00 33]gEV^T. d^iSRj^^-y^dj^- 

fcSrflng-f J: OJWIU (01«OXf 7 7*1 1 

0) . Htd^^-y^JKdjtfffEL^Xr-yri 

0 4t^ft3t#ffl*fl , ^<^->'*^*ft61t^«3l« 
a ^« C t tct oT5SSIt»-tM y h Aj *«3Eft* 
H^Sai j Sr^S-fS (H^f771 11). 

[0034] OT. IMcnx^rv ri 0 5- 1 1 1 «0Sft 

1 tfc^-cj±#is«-robiSJSEiMrL.-if'f y> aj atgit* 

[0035] 
l»2) 



05/06/2002, EAST Version: 1.03.0002 



(5) 



Ij = a x dj = a x ( E d tt + d,- ' ) 



»7-201 720 
( 3 ) 



stflsw^ >h*«-f-it-e , nia7t:Ao , ai N a 

2 &VAj t^1lD<^->2 08, 203. 21 2 
2Mf 2 1 0rtt«iJc{=8«Kjgs^ -ftfcj; r, S $ R 
o , Ri , R2 StA'Rs 0)&A?-y®jgdo . di 
dz St/da fclS^IRKSIo . Ii N Iz &X/I3 
tmZtlt. fcfe, 07+, ^HT'^I«2 1, 2 3 

[0036] Zff)X o t. #**ttW£J:*Uf. KrOffl 
1582 1 . 2 3Z^2 4^A?-y$jgfcoi,vaiX* 'J 

[00 3 7] CitlCtO. W*«*ia8fciSt*n<, « 

0. lum<Dm^->iO. 1 umffimx-mxftiz 

Bfct&O. 1 umy4 yTVYX^—X ( L/S ) l/Z*. 



. ^Tttflfe-^^? 7 9. fUMBIA' 

[0 0 38] ifc. ifSO. lumC0W3L?<1 > (ft$3 
O^m) CO^TSMEIf1|jK-fyhS:7 5 0 0(IIBffc 

[0039] 
[H 1 ] 





(a, u. ) 


ff*B?f« (hour) 




2. 2 2 E-f 2 


3 9.6 




2. 2 2 E + 2 


1. 4 



PI ttf *S«A^**ffic7)^ 1/30 fem®Ti§ 6*i 

x a 9 , ^»j<o»£«s$ ^ . 

[0040] ±§EOJ: a t LTifiS^coffiEfflaS L 

ftztLx.mt^9£w?miimwmM*3£ so 

H<0EttSai3 2(cEttSn6. ra9fc*$wc. ISliS 
*3 2KlEtt«f*l'CV^EBRjt8Bfflf-^i. 
* SISS (CPU) 3 lfc:J:i5B»ajS*iM>^7x- 
*ES&3 3 £iILT Iflffla v h o-7 3 4& 

ft*. 

[0 04 1] /^->'M»3>'hn-5 3 4{iEBS3t 

mT-?izm^<T-?z$u$.ix7'7>*>mffl 

■«3 7fc«|fr$-*. j/- 7-y^$iJffllfflayhD-5 3 5 
ttlM«I*£dfeJ* UTflH<5W«»3 8tc«|frf 40 
Xt-v*MMB3 6£:frLT*x-:A4 1 
4. ^•f->'*4 1±fcliSaE(4 2*<«BSfirv^. 
[0042] S^M3 9 J: 9 ffl»Sfut««a^a<?>- 
Mfc UTcol^ia(i3t^4 OfcASfSii. ^dTBfffi 
0*iSB#fc 3*U St 7*5 v * v^$iJffllSl5 3 7 J; 0 eofi 
#t 3 8 <fc 9 w»jfflifi-f (c «t 9 7*7 y^f y?* 

M^BrJgfllifliffifflrtoSfSffllttKffliai S tittm®4 

2 ±ff)m^ g /u£ aacssst $ fist aw u- ~jx vm- 
i o o 4 3 ] iffio^MTiiHitf^-vg&a 



[0044] 

*f*ffi*»'j v/77 ^jg^m^Ejantfc^T. 

[01 ] *^W-||]f6'?J<0»;ftSi' , Jffl7n-7 v ^-h 
[02] ?-*$!8Htt-flffl7n-*+-h'C&4. 

[03 ] « : ?4*^^«afiaiBEts^^si?rjEiT* 

6. 

[04 ] *»BaSS 3 JtafflSi t5 _0J^^_y Ea0 

[05 ] *%PJttffiP)-m&t£.J:i>&G[,r<?-y®& 
trhSlfb imcoim frKWi ^ V - >"KS0T'£> 



05/06/2002, EAST Version: 1.03.0002 



( 

9 

[136 ] *«BH*ffi<0-KatWtJ:4a*oTV^v^ 
4. 

[ El 7 ] mmzn hfih a ? - y®&r- 9 b S 

ess ] ^mm<7>mm*mizmtix7fi?®v$>- 

4. 

[139 ] *^*5£* { Mffl$fLl>l?-ISIS3fe^SO-(?tJ 



) «rM¥7-20 1 720 

1 0 

[0io] mttiztsft&tt&Fimgsft.zmi 

2 1. 2 3, 2 4 ff&rjfRW 

2 2 S&Oa&vittftttgfRtt . 

loi-iii istsjamffliE® ax r -y r 

20 1-2 13 n?-V 
Ao ~A 3 SMEfWsif-f * H 




05/06/2002, EAST Version: 1.03.0002 



(7) 



0 17 20 



[11] 



101 



102 



103 



1 04 



105 

JL 




-108 



109 



- j > =e 'J casta 



110 



ni 



05/06/2002, EAST Version: 1.03.0002 



(8) 



fi i BH t 7-2 0 1 720 



[05] 



[06: 



tttt©/< * - >Mtt**tt w a * * - visas 



2Pb 




■1 r " • 

.^213 L -^213 



[07] IMS) 



2 p b 




05/06/2002, EAST version: 1.03.0002 



»BB¥7-2 0 1 720 




05/06/2002, EAST version: 1.03.0002 



JP7-201720-A 




r(L THOMSON 

vKX 



DERWENT 



MACHINE-ASSISTED TRANSLATION (MAT): 



B&mftV? It (j p) 

(12) vMmm\ 

<&?mm-<tn (a) 



(11) 

ffl^7- 2 0 17 2 0 
(43) [4*013 0] 

W7*f (1 9 9 5) 8 4 B 
(54) [|glj/?tf>£ffr] 

(51) [OTJftffF#^SS6Ji£] 
H01L 21/027 

G03F 7/20 504 
521 

[ F I ] 
H01L 21/30 541 V 

[Miff*] * 

[8*#£©&1 2 

[ttlUM] FD 

i±nm 9 

(21) [tUfI#f-l 

m&W- 5-353279 

(22) [ fctSgg B ] 

« 5 ¥ ( 1 9 9 3 ) 12^2 
8 B 



(19)[!SSUK!G COUNTRY] 

Japanese Palenl Office (JP) 



Laid-open (Kokai) patent application number 
(A) 

(11)[UNEXAMINED PATENT NUMBER] 

Unexamined-Japanese-Patent 7-201 720 

(43)[DATE OF FIRST PUBLICATION] 

August 4th, Heisei 7 (1995) 

(54)[TITLE] 

The charged-particle-beam exposure method 

(51)[IPC] 

H01L 21/027 
G03F 7/20 504 
521 

[Fl] 

H01L 21/30 541 V 
[EXAMINATION REQUEST] Requested 
[NUMBER OF CLAIMS] Two 
[Application form] FD 
[NUMBER OF PAGES] Nine 

MISAPPLICATION NUMBER] 

Japanese-Patent-Application-No. 5-353279 

(22)[DATE OF FILING] 

December 28th, Heisei 5 (1993) 



(71) immx] 



(71 )[PATENTEE/ ASSIGNEE] 



02/05/13 



1/42 



(C) DERWENT 



JP7-201720-A 



THOMSON 

4* 

DERWENT 



000004237 

ISME^IT @ 7 # l ^ 
(72) 



[ID CODE] 

000004237 



NEC Corp. K.K. 
[ADDRESS] 

(72)[INVENTOR] 



[|iETrXlifr0f] 
(74) [ftSA] 



Takahisa Tamura 
[ADDRESS] 

(74)[PATENT AGENT] 



[#a±] 



[PATENT ATTORNEY] 



[Sz&Xlt&fo] &fifi $fir Tsuneyuki Matsuura 
(57) [mm) (57)[SUMMARY] 



[OBJECT] 

This invention aims at providing the charged- 
particle-beam exposure method which is 
enabled to respond to the high acceleration 
voltage of a charged-particle-beam lithography 
device, and high integration of a semiconductor 
device, by storing information about the 
calculated area in a memory, reducing the 
required amount of calculation, and attaining 
the shortening of the computation time . 



[ffitfL] [SUMMARY OF THE INVENTION] 

5&£gfH&/tf>r y h A, Srii^L The strength calculation point 'A1' is set up 
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(step 105), and region *R1' centering around 
'AV judges presence of the part which has 
overlapped with the region 'R0' calculated 
before, and when the overlapping region exists, 
the area of the pattern in this overlap region is 
read from a memory, and the pattern density 
'djk' of the overlap region is calculated using 
this (step 106,107). 

A pattern density map is prepared newly, it 
stores in a memory (step 109), and the 
electron-beam strength 11 which 'AV receives \s 
calculated (steps 110-111). 

A process of steps 105-111 is repeated the 
required number of times. 
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"Flowchart for Description of Operation of One Example of This Invention" 
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101: Calculation of the strength '10' which the point 'AO' receives from a pattern in *R0' 

1 02: Calculation of the pattern density 'd0' 

103: Store in memory 

104: Calculation of the strength *a ( received from the pattern of unit density 

105: Movement of the strength calculating point 'At -> Aj' 

106: Judging the presence of an overlap of 'Rj' and the calculated region 

Arrow to the Right: Absent 

Arrow Below: Present 

107: Calling the pattern density 'djk' in the overlap area 'Rlk' 

108: Calculation of the pattern density 'dj" of the area 'Rj" which is not overlapped 

109: Store in memory 

110: Calculation of the pattern density 'dj' in 'Rj' 

111: Calculation of the strength Mj* which the point 'Aj' receives 
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[CLAIMS] 



[CLAIM 1] 

The first calculating means which calculates the 
strength of a charged particle beam which this 
strength calculation point receives from each 
pattern in the strength calculation region 
centering around the strength calculation point 
arbitrarily set up in the pattern which needs to 
draw, first memory means to each store the 
coordinates of each pattern in this strength 
calculation region, and area and the 
coordinates of this strength calculation region, 
the 2nd calculating means which calculates the 
strength of a charged particle beam received 
from the pattern per unit density, judgment 
means which carries out the comparison 
judging of the presence of the overlap with the 
strength calculation region where the above- 
mentioned strength calculation point was 
moved and where it is centering around the this 
moved strength calculation point, with the 
strength calculation region calculated before, 
read-out means which reads the pattern density 
in this overlap area from memory information on 
first memory means when judged with there 
being an overlap by this judgment means, the 
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third calculating means which calculates the 
pattern density of the part without the overlap 
with the strength calculation region calculated 
before, with the strength calculation region 
centering around the strength calculation point 
which carried out above-mentioned movement, 
2nd memory means to store the pattern density 
calculated by the third calculating means, and 
the fourth calculating means which calculates 
the strength of a charged particle beam which 
the strength calculation point which carried out 
above-mentioned movement based on the 
pattern density read by above-mentioned read- 
out means and the pattern density which 
calculates by third calculating means and was 
obtained receives from each pattern in the 
strength calculation region, are included. By 
repeating a process of above-mentioned 
judgment means, read-out means, and the 
above third and fourth calculating means and 
2nd memory means for the required number of 
times, it exposes by obtaining the exposure of 
each pattern to which was carried out 
proximity-effect correction. 

Charged-particle-beam exposure method 
characterized by the above-mentioned. 



[CLAIM 2] 

First memory means divides each pattern in the 
strength calculation region to the micro region, 
and stores it as a bit map. 

Charged-particle-beam exposure method of 
Claim 1 characterized by the above-mentioned. 



[DETAILED DESCRIPTION OF INVENTION] 
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[INDUSTRIAL APPLICATION] 

This invention relates to the charged-particle- 

beam exposure method. 

Specifically, it is related with the charged- 

particle-beam exposure method which corrects 

the proximity effect in a charged-particle-bcam 

lithography. 
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[PRIOR ART] 

In the charged-particle-beam lithography which 
draws a desired semiconductor-integrated- 
circuit pattern on a sample by the charged 
particle beam, a charged particle beam is 
exposed on the resist applied on the sample. 

If a charged particle beam goes into this 
resist, charged particle beams will be scattered 
within a resist (forward scattering). What is 
entered and scattered on the base layer whose 
charged particle beam which passed through 
the resist is a sample returns into a resist again 
(backscattering). ' ' 



[0 0 0 3] 
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[0003] 

This forward scattering and backscattering 
influence between the patterns with which a 
pattern adjoins in the case under proximity. 

Resists other than an incident area a of 
charged particle beam are exposed, and the 
position and the width of a pattern after image 
development make a deviation generated from 
the position and the width of a design pattern. 

This is called proximity effect. 



[0 0 0 4] 



[0004] 

Then, an exposure is changed depending on 
the width of a design pattern, or the distance 
with a neighboring pattern. 

Moreover, a proximity-effect correction 
process which changes pattern size is needed. 
Conventionally, an exposure and pattern width 
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has been optimized from the distance of a re- 
proximity pattern and the width of a correction 
subject pattern, and has been exposed (one- 
dimensional proximity-effect correction 
process). 
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[0005] 

However, in connection with the high- 
densification of a large-scale semiconductor 
integrated circuit in recent years, the breadth of 
a two-dimensional pattern will need be 
considered to a requisition of still more 
micronization of a pattern, and high integration, 
conventionally, determining charged-particle- 
beam strength f (r)' by calculation using the 
sum of a two gauss function expressed with the 
following formula is performed depending on 
the distance of a correction subject pattern and 
a neighboring pattern. 



[0 0 0 6] 



[0006] 



mi] 



[Equation 1] 



f (r) = k{exp(-^) + /?^-exp(-^!-)} 



( 1 ) 



St. 0 f ttfftjjm%m%L. 0 b 



Here, in above formula, 'r' is the distance of 
the probe index of a charged particle beam, and 
the point calculating strength, and '(beta) f is 
the forward-scattering region, and '(beta) b' is 
a parameter which each expresses the 
backscattering region, and '( eta )' ' s the ratio of 
the stored energy by backscattering particle 
beam, and the stored energy by forward- 
scattering particle beam, and 'k' is a 
proportionality constant. 
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As shown in Figure 10, this calculation is done 
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by, as the region influencing on the strength 
calculation point 1 , taking the rectangle region 3 
of one-side 2(beta) b centering around this 
strength calculation point 1, and is performed 
for the patterns 5 and 5a which exist in the 
inside. And, if o strength calculation point 
moves to the position shown by '2,' as the sam ? 
as that of an above, the rectangle region 4 
which attaches and shows the oblique line of 
one-side 2(beta) b centering around this 
strength calculation point 2 is taken as 
calculation region, and calculation of the 
charged-particle-beam strength is again 
performed for the patterns 5 and 5b which exist 
in the inside. 
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[0008] 

In this way, conventionally it is made to expose 
by calculating charged-particle-beam strength 'f 
(r)' for correcting a proximity effect for each 
calculation region of the rectangle centering 
around each strength calculation point. 

In addition, in Figure 10, in the case of 
calculation of the charged-particle-beam 
strength in the region 3 and 4 of an above, 6 is 
the pattern with which neither is subject for 
calculation . 
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[0009] 

Moreover, the method wherein, as a 
conventional proximity-effect correction method, 
a pattern is divided to the micro region, the 
correction calculation of the proximity effect with 
respect to the surrounding micro region in this 
region unit is repeated, and ends at the time of 
the calculation result converged, is also known 
(Unexamined Japanese Patent 4- 346415 
gazette). 



[0010] 



[0010] 
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However, the conventional method shown in 
Figure 10, in order to expose by calculating 
newly charged-particle-beam strength 'f (r)' for 
correcting a proximity effect for each calculation 
region of the rectangle centering around each 
strength calculation point, the pattern 5 in the 
overlap region 7, in the case of calculation of 
the charged-particle-beam strength in region 3 
and 4, is used as well, and the number of 
patterns to be calculated increases greatly. The 
processing time of a charged-particle-beam 
lithography, that is, the manufacture time of a 
semiconductor integrated circuit will be quite 
long . 



[0011] 

Since high integration of semiconductor 
devices, such as a dynamic * random * access * 
memory (DRAM), progresses quickly, 0.25- 
micrometer pattern resolving is needed in 
256MbDRAM, furthermore, from now on, in 
order to enable resolving of a pattern 0.25 
micrometers or less using a charged-particle- 
beam lithography, the device of a high 
acceleration-voltage type is considered 
effective, the problem of an above is fatal . 



[0012 

< ft 5 



fi] (d h 5 o 



] 

J£< ftSfcfetciifi^ 
H+tjLii#lc:*j-#ii:ft5 
ft5^«b 



[0012] 

That is, the number of neighboring patterns 
increases which becomes subject at the time of 
calculation of proximity-effect correction, since 
the backscattering region becomes wide while it 
is effective in resolving of a fine pattern as the 
forward-scattering region becomes narrow, 
when using the device of a high acceleration- 
voltage type. 

Furthermore, in connection with high 
integration of a device, the number of patterns 
contained to an fixed area will tend to increase 
from now on. 

For this reason, necessary time for proximity- 
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[0013] 

In order to solve these problems, like a 
correction method described in above 
mentioned the gazette, there is method wherein 
a pajtejrHs_djyXde£i^ and 
influence which a correction subject element 
receives from a neighboring element is 
calculated to parallel, in order to shorten the 
computation time. 

[0014] 

However, even by this conventional method, 
since enlargement of backscattering region 
(beta) b at the time of using the device of a high 
acceleration-voltage type brings increase of the 
number of elements which is needed for 
calculation, the amount of calculation will be as 
expected huge. 

Furthermore, by this conventional method, a 
calculation is repeated until it is converged by 
the calculated value. 

Therefore it is estimated that the computation 
time increases and it cannot be said that it is the 
effective method in computation-time 
shortening. 

[0015] 

This invention was done in view of the above 
point. It aims at providing, by storing information 
about the calculated region in a memory, and 
reducing the required amount of calculation and 
attaining the shortening of the computation 
time, the charged-particle-beam exposure 
method, enabled to respond in the high 
acceleration voltage of a charged-particle-beam 
lithography device, and high integration of a 
semiconductor device. 
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[SOLUTION OF THE INVENTION] 

In order to realize the objective of an above, this 
invention includes first or 4th calculating means, 
first and second memory means, judgment 
means, and read-out means, by repealing 
process of judgment means, read-out means, 
and third and 4th calculating means, and 2nd 
memory means for the required number of 
times, It was made to expose by calculating the 
exposure of each pattern which carried out 
proximity-effect correction. 



[0017] 

Here, the first calculating means of an above 
calculates the strength of a charged particle 
beam which a strength calculation point 
receives from each pattern in the strength^ 
calculation region centering around th e strength 
calculation poinfarbitrarily set up in the pattern 
which needs to draw. 

First memory means each stores the / 
coordinates of each pattern in the strength 
calculation region, and area and the 
coordinates of the strength calculation region. r 

2nd calculating means calculates the strength 
of a charged particle beam received from the 
pattern per unit density. 



[0018] 

Moreover, judgment means moves the above- 
mentioned strength calculation point and carries 
out the comparison judging of the presence of 
the overlap of the strength calculation region 
centering around the moved strength 
calculation point with the strength calculation 
region calculated before it. 

Read-out means reads the pattern density in 
the overlap region from memory information on 
first memory means, when judged with there 
being an overlap by judgment means. 

Third calculating means calculates the 
pattern density of the part ,wjl^oultbejDyei!ap_of 
the strength calculation region centering around 
the moved strength calculation point, and the 



02/05/13 



12/42 



(C) DERWENT 



JP7-201720-A 



thoivisosni 

$ 

DERWEIMT 



fA'W L tzM&f\-WM^ k<DMt£ strength calculation region calculated before it. 



[0 0] 9 ) 

% 2 <om^wn*m 3 omn^ 

$ tb/c/^ - £ BufBB 3 



[0019] 

2nd memory mesns stores the pattern density 
calculated by the third calculating means. 

Fourth calculating means calculates the 
strength of a charged particle beam which the 
strength calculation point which carried out 
above-mentioned movement based on the 
pattern density read by read-out means and the 
pattern density which calculates and was 
obtained by third calculating means receives 
from each pattern in the strength calculation 
region. 



[0 0 2 0] 



[0020] 



[EFFECT] 

In this invention, in proximity-effect correction 
process of a charged-particle-beam lithography, 
the coordinates of each pattern in the above- 
mentioned strength calculation region 
influencing a charged-particle-beam strength 
calculation point, and area and the coordinates 
of the strength calculation region are each 
stored by first memory means, and when 
moving a strength calculation point, the 
presence of the overlap of the strength 
calculation region centering around the moved 
strength calculation point and the strength 
calculation region calculated before is judged by 
above-mentioned judgment means. When there 
is a part of an overlap area, the pattern density 
of this overlap area is read from memory 
information on first memory means by above- 
mentioned read-out means. 
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Therefore, the amount required at the time of 
calculation of the pattern density in the moved 
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map. 
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[Example] 

Next, one Example of this invention is 
demonstrated. 

Figure 1 shows the flowchart for description 
of operation of one Example of the charged- 
particle-beam exposure method of this 
invention, and Figure 2, the flowchart for data- 
conversion description. In an electron-beam 
lithography, as shown in Figure 2, by a 
computer aided designing (CAD) the pattern of 
a desired semiconductor integrated circuit was 
designed . 

It outputs as stream data which are a general 
output format (step 11). 
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[0023] 

Next, since number of pattern data in an 
electron-beam lithography is quite large, it is 
usually designed using hierarchical structure, 
and in order to make small the total data 
capacity after a data format conversion, a 
compression process of hierarchical structure is 
performed (step 12). 

And, in order to prevent multiple exposure, 
the overlap of a pattern is removed (step 13) 
and patteriiJaJaaffijdjyjd^dJ^ (step 
14). 

Furthermore, in order to prevent the above- 
mentioned proximity-effect phenomenon, a 
correction process is performed (step 1 5) and it 
forms as data for electron-beam (EB) exposure 
machines (step 16). 

This Example is related with the data 
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formation by the correction process 15 of the 
proximity effect of an above. 



[0024] 

Here, in order to correct a proximity effect, a 
corrected amount is determined based on an 
ehclron-beam strength distribution. 

The data for exposure (data for EB exposure 
machines) need to be formed. 

This electron-beam strength distribution is 
shown in figure 3(A) when an acceleration 
voltage is 20kV and in figure 3(B), when an 
acceleration voltage is 50kV . In Figure 3, a 
vertical axis shows the electron-beam strength, 
and a horizontal axis shows the distance from 
the probe index to the resist of an electron 
beam. 

'f shows the forward-scattering region again 
(beta), '(beta) b', a parameter which each 
expresses the backscattering region, '(ela)', the 
ratio of the stored energy by backscattering 
particle beam, and the stored energy by 
forward-scattering particle beam. 



[0 0 2 5] 

HI 3 (A) frbt>frZ£ii^ 
iPMEE^ 2 0 kV«l^li, 
teUmLmW & b ft 2 . 0 n m 

ft, Att& t tmnw-tfj y h 

tfjfB (1) 5t£ffli^-Ctr3H-5 



[0025] 

as can be understood from Figure 3(A), when 
an acceleration voltage is 20kV, backscattering 
area (beta) b is 2.0 micrometers. 

The variation of the strength with respect to a 
variation of distance is large. 

For this reason, the electron-beam strength 
needs to be calculated depending on the 
distance of a probe index and a strength 
calculation point using the above-mentioned (1) 
Formula. 
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[0026] 

On the other hand, as shown in figure 3(B), 
when an acceleration voltage is a high 
acceleration voltage of 50kV, backscattering 
region (beta) b is as large as about 10 
micrometers, and a distribution of the 
electron-beam strength becomes flat, and 
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the variation of the strength with respect to a 
variation of distance is small. 

Therefore, the strength which a calculation 
point receives depends on the presence of a 
pattern, i.e., pattern density, regardless of the 
distance with the pattern which exists on the 
periphery of it . 
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[0027] 

Next, this Example which was made to calculate 
the electron-beam strength from the pattern 
density in view of the point of an above is 
demonstrated in detail with Figure 1 and a 
Figure 4, or a Figure 7. 

The case where the patterns 201-213 
arranged as shown in a Figure 4 are exposed 
now is demonstrated for an example. 

Here, as shown in figure 3(B), when an 
acceleration voltage is 50kV, the strength is set 
to about 0 at about 10-micrometer 
backscattering area (beta) b from the probe 
index of an electron beam . 

From these, it can be considered that the 
pattern in every-direction of 2(beta) b which is 
the periphery centering on the pattern of a 
strength calculation point influences on a 
strength calculation point. 



[0028] 

Then, first, among the pattern arrangement 
shown in the Figure 4, for example, to the 
pattern 208 which exists almost center, the 
strength calculation point 'AO' is set up and as 
shown in Figure 5, when drawing the patterns 
205-209 which exist in the inside of the region 
'R0' of 2(beta) b every-direction centering 
around this strength calculation point 'AO' and 
which are shown as a continuous line, the 
electron-beam strength '10' which a point 'AO' 
receives is calculated based on the above- 
mentioned (1) Formula (step 101 of Figure 1). 
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[0029] 

Next, with r eference to the coord inate of the 
patterns 205^209 of this region 'R0' and 
coordinates of two vertex showing the region 
'RO,' the pattern density 'DO' of the region 'R0' is 
calculated (step 102 of Figure 1). 

It continues, the coordinate of each two 
vertex of the patterns 205-209 in the region 'R0* 
and the coordinate of two vertex showing the 
region l R0' and the area are stored in the 
memory (step 103 of Figure 1) . Next, from the 
electron-beam strength '10' calculated at step 
101 and the pattern density 'DO' calculated at 
step 102, by the following formula, it calculates 
for the electron-beam strength (alpha) received 
from the pattern per unit density (step 104 of 
Figure 1). 
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[0030] 

(alpha)=l0/d0 (2) 

Next, a strength calculation point is moved, 
and as shown in Figure 6, for example,, the 
following strength calculation point 'Aj' 
(however, j=1 , 2, j=1 at this point) is set up to 
a pattern 203 (step 105 of Figure 1). And, 
after taking the region 'Rj' of 2(beta) b every- 
direction centering around this strength 
calculation point Aj', about the presence of the 
part which has overlapped with the region 'RO' 
calculated before, it is judged from the 
coordinate of region 'RO' and the coordinate of 
region 'Rj' read from the memory ( step 106 of 
Figure 1). 



[0031] 

As shown in Figure 6, when the area 21 with 
which the area l R0' and the area 'Rj* have 
overlapped exists, the pattern density 'djk' of 
this overlap area 21 (Rjk) is read from a 
memory (step 107 of Figure 1). 
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[0032] 

Moreover, as for the area 22 (Rj') shown with 
the oblique line of a right descent which has not 
overlapped with the area 'R0' among the areas 
'Rj' of Figure 6, from coordinate of the patterns 
201-204 shown as the continuous line 
contained to the area 22 (Rj '), it calculates for 
pattern density dj' (step 108 of Figure 1), a 
pattern density map prepares newly, and it 
stores in ajTTe.nio.cy (step 109). 

In addition, without calculating step 107, 
when judging the area not existing which has 
overlapped in step 106, it progresses to step 
108 and calculation of pattern density 'dj' ' of the 
area is performed. 
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[0033] 

Then, the pattern density 'dj' of this region 'Rj' is 
computed by adding" the above calculated 
pattern density 'djk' and pattern density dj' to 
which (step 110 of Figure 1). Furthermore by 
multiplying the electron-beam strength (alpha) 
which is received from the pattern of a unit 
density calculated at step 104 described above 
in this pattern density 'dj\ the electron-beam 
strength 'lj' which the strength calculation point 
'Aj' receives is calculated (step 111 of Figure 1). 
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[Equation 2] 



Ij = a x dj = a x ( E d ik + dj ' ) 



( 3 ) 
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As a result, in a pattern arrangement finally 
shown in the Figure 4, to a strength 
calculation point, as each shows to a Figure 7 
by AO, A1, A2, and A3, a movement setup is 
carried out into a pattern 208,203, 212, and 210 
in order, thereby, each pattern density dO, d1, 
d2, and d3 and the electron-beam strength 10, 
11, 12, and 13 of region R0, R1, R2 and R3 are 
calculated. 

In addition, the areas 21, 23, and 24 shown 
with an oblique line show an overlap area, in 
Figure 7. 



[0036] 

Thus, according to this Example, in order to 
read the pattern density which stored in the 
memory about the pattern density of the overlap 
areas 21, 23, and 24, the amount of calculation 
reduces and proximity-effect correction can be 
performed at high speed than the conventional. 



[0037] 

By this, as shown in Figure 8, for example, 
about 0.1 micrometer line and space (L/S) 
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which forms a rectangle pattern with a width of 
0.1 micrometers in a width direction at intervals 
of 0.1 micrometers, if the case where the 
strength which point P receives is calculated by 
the conventional method by the above- 
mentioned (1) Formula and this Example are 
compared, compared with the conventional 
method shown with a circle white, the 
calculation result of the strength in point P 
almost have no difference with the calculation 
result of the strength of this Example shown by 
the black circle. 

And while the computation time by the 
conventional method is shown by the white bar 
graph, in the case where it calculates according 
to this Example, it becomes shown by the black 
bar graph. The computation time is far 
shortened compared to the conventional 
method, and the effectiveness of this Example 
is clear. 

[0038] 

Moreover, when the strength calculation point 
was made into 7500 places about the isolated 
line (the length of 30 micrometers) with a width 
of 0.1 micrometers and calculates by the 
conventional method, the result at the time of 
calculating with the application of this Example 
method is shown in Table 1 . 

[0039] 



[Table 1] 





&K (a. u. ) 


mmmm (hour) 




2. 2 2 E+ 2 


3 9.6 




2. 2 2 E+ 2 


1. 4 
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Top Row, Left to Right: 

Strength (a. u.); Computation Time (hour) 
Left Column, Top to Bottom: 

Conventional Method; Example 
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According to this Example, the same calculation 
result as the conventional method is obtained 
by the time of about 1 / 30 that of the 
conventional method, as can be seen from 
Table 1 . 

Effectiveness of this Example was confirmed. 
[0040] 

The data obtained by carrying out a correction 
process of a proximity effect as mentioned 
above is made to be the data for EB exposure 
machines as described above, and for 
example, is_ stored in the memoiy ^_e_vjc_e_3,2 of 
the electron-beam exposure_system of the 
outline constitution shown in Figure 9 . 

In Figure 9, the data for EB exposure 
machines which the memory device 32 stores 
are read with a central processing unit (CPU) 
31, pass through the interface circuit 33, and 
are each input into the controller for pattern 
control 34, and the controller for sequence 
controls 35. 



[0 0 4 1 ] 
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[0041] 

The pattern-control controller 34 forms the data 
based on the data for EB exposure machines, 
and supplies it to the blanking control part 37. 

While the controller for sequence controls 35 
forms a control signal and supplies it to the 
deviation control part 38, it carries out the 
movement control of the stage 41 through the 
stage control part 36. 

The sample 42 is mounted on the stage 41. 
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[0042] 

The electron beam as an example of the 
charged particle beam emitted from the electron 
gun 39 is irradiated to the optical system 40, 
and through the signal of the blanking control 
part 37 and the control signal of the deviation 
control part 38, after the fixed position of 
blanking deviation or deflecting within the limits 
of prescribed deviation, it is irradiated to the 
position as which it was instructed on the 
sample 42, and a desired resist pattern is 
exposed. 
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[0043] 

In addition, in the Example of an above, the 
pattern coordinate and area are stored, for 
example. 

Re-calculation was omitted. However, 
instead of these, presence of a pattern was 
divided to a micro area and it was stored as a bit 
map. 

When an overlap area occurred, it may be 
made to calculate for a pattern density using a 
bit map. 



[0 0 4 4] 
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[EFFECT OF THE INVENTION] 

As explained above, according to this invention, 
in a proximity-effect correction process of a 
charged-particle-beam lithography, by judging 
the presence of the overlap of the strength 
calculation region centering around the moved 
strength calculation point and the strength 
calculation region calculated before, and 
reading memory information on memory means 
and calculating a pattern density, when there is 
a part of the overlap region, the amount of 
calculation required at the time of calculation of 
the pattern density in the moved strength 
calculation region was made to reduce. Thus 
necessary time for a proximity-effect correction 
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process could be shortened more sharply than 
the conventional ways, and it is especially 
effective for applying the device of a high 
acceleration-voltage type . 



[BRIEF EXPLANATION OF DRAWINGS] 



mi] 



[FIGURE 1] 

It is the flowchart for description of operation of 
one Example of this invention. 



[12] 



[FIGURE 2] 

It is a flowchart for data-conversion description. 



[El 3] [FIGURE 3] 

m^m^M^CD^mmWM- 11 is tne explanatory drawing 

ftOtftWlMXfoZ) acceleration-voltage dependence 

" ° electron-beam strength distribution. 
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[FIGURE 4] 

It is the pattern layout of an example with which 
a method of this invention is applied. 



[15] 



[FIGURE 5] 

It is a pattern layout explaining calculation of the 
strength received from the unit pattern density 
by one Example of a method of this invention. 



[El 6] 



[FIGURE 6] 

It is a pattern layout explaining the pattern 
density calculation of the region which has not 
overlapped by one Example of a method of this 
invention. 



[117] [FIGURE 7] 

— 11 is tne Pat tern layout showing the pattern 

tffiM&TF'fs'-P — >1S density data and the strength which are finally 
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obtained. 
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[HI 8] [FIGURE 8] 

#^i£#Jro$&tt£&Wc:*ttt: It is the figure showing the effect of this 

\^X7F-tW\X°h<b Example as contrasted with a prior art example. 

[El 9} [FIGURE 9] 

#3PJUJ}£^j$/fi efi-5ll-H$ It is tne outline block diagram of an example of 

Wr%^W.(0— &\(VWM$f&MX' the electron-beam exposure_system to which a 

method of this invention is applied. 



[110] [FIGURE 10] 

fe&fimMJ Zffimftr^-miSi It is a figure explaining the charged-particle- 

J^ft^^rlft^"t" 5 121 "Cfo -5 o beam strength calculation in the conventional 

^° ° method. 

[EXPLANATION OF DRAWING] 

21,23,24 Overlap area 
22 Strength calculation region without 
overlap 

101-111 Proximity-effect correction process 
step 

201-213 The pattern 'R0' - R3 Strength 
calculation region 

AO - A3 Strength calculation point 



2 1 , 2 3, 2 4 j|&<9« 

22 m& o (om^^mi-mM 
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[FIGURE 2] 
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"The Flowchart for Data-conversion Description" 

11: CAD Stream Data 

12: Compression of Hierarchical Structure 

13: Overlap Removal 

14: Rectangle Divide 

1 5: Proximity-effect Correction Process 

16: Data for EB Exposure Machines 
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[FIGURE 3] 
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"Explanatory-drawing of the Acceleration-voltage Dependence of an Electron-beam Strength 
Distribution" 

Vertical Axis (on both diagram): Strength 

Horizontal Axis (on both diagram): Distance 

[(14] [FIGURE 4] 



02/05/13 



28/42 



(C) DERWENT 



JP7-201720-A THOMSON 



DERWENT 



201 



D- 



202 



203 



.204 



205 



206 



,207 



208*" 

n 



210 



-H 

209 
^212 



211 



r 



213 



"The Pattern Layout of an Example with which One Example of a Method of This Invention is 
Applied" 



[FIGURE 1] 
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"Flowchart for Description of Operation of One Example of This Invention" 

101: Calculation of the strength '10' which the point 'AO* receives from a pattern in 'R0' 

102: Calculation of the pattern density l d0' 

103: Store in memory 

104: Calculation of the strength 'a' received from the pattern of unit density 

105: Movement of the strength calculating point 'Al -> Aj' 

106: Judging the presence of an overlap of 'Rj' and the calculated region 

Arrow to the Right: Absent 

Arrow Below: Present 

107: Calling the pattern density *djk' in the overlap area 'Rlk' 

108: Calculation of the pattern density 'dj n of the area *Rj" which is not overlapped 

109: Store in memory 

110: Calculation of the pattern density 'dj' in 'Rj' 

111: Calculation of the strength *lj' which the point 'Aj' receives 
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[FIGURE 5] 
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"The pattern layout explaining calculation of the strength received from the unit pattern density, 
by one Example of a method of this invention" 
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"The pattern layout explaining the pattern density calculation of a pattern area which is not 
overlapped, by one Example of a method of this invention" 



THOMSON 

* 

DERWENT 

[FIGURE 6] 



02/05/13 



34/42 



(C) DERWENT 



n 

JP7-201720-A 



THOMSON 

* 

DERWEIMT 



[El 7] [FIGURE 7] 
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"The pattern layout showing the pattern density data and the strength which are finally obtained, 
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by one Example of a method of this invention" 
[i8] [FIGURE 8] 
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"Diagram showing the effect of this Example as conirast3d with a prior art example" 
Vertical Axis (left): Strength of point P 
Horizontal Axis: The number of L/S 
Vertical Axis (right): Computation-time (minutes) 
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Inside the Diagram (top; bottom): Conventional method; This Example 

M9] [FIGURE 9] 
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"The outline block diagram of an example of the electron-beam exposure_system to which a 
method of this invention is applied" 



33 


Interface circuit 


34 


Controller for pattern control 


35 


Controller for sequence controls 


36 


Stage control part 


37 


Blanking control part 


38 


Deviation control part 


39 


Electron gun 


40 


Optical system 


41 


Stage 


42 


Sample 



[Ml 0] [FIGURE 10] 
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